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PCD1 encodes atype |l protein secretion
system (TTSS)
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Adapted from:

Cornelis, Nature Reviews, 2002
Thanassi and Hultgren, Curr. Opin.
Cdll. Bial., 2000
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Model of type |ll secretion
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Type |11 secretion counteracts TNFa
production in macrophages
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Yersinia
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Role of Y ops In colonization of
mouse spleen by Y. enterocolitica
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A T,1-directed immune response is
protective against Yersinia infections

|L-12, | FNg and TNFa are Tt cel il
required for protection
— Nakagima, 1993
— Bohn, 1996
IL-12
— Secreted by dendritic cells and
macrophages
— Activates T,;1 cellsand NK cellsto
secrete |IFNg
IFNgQ

— Activates macrophages

TNFa
— Pleotrophic; activates macrophages

From |mmunobiology.
C. Janeway, Ed.



|IFNg and TNFa promote protection
against plague

Nakajima and Brubaker, 1993
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FIG. 1. Protection of C57BL/6 mice by combinations of in-
traperitoneally injected mouse recombinant IFN-y and TNF-a
against intravenous challenge against 10 MLD of Ler™ cells of Y.
pestis KIM. IFN-y and TNF-« were injected 6 and 2 h, respectively,
before infection.




Priming with IFNg+TNFa prevents
bacterial growth in spleens

Nakajima and Brubaker, 1993
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A Paradox:

« How can activated macrophages protect if
yersiniae are exclusively extracellular
pathogens?



Observations:

* Yersiniae are not fully antiphagocytic at early
stages of infection

— Cavanaugh, 1959

e Yersiniae do not kill macrophages by apoptosis at
low multiplicities of infection
— (Goguen, 1986

e Yersiniae can survive and replicate in naive
macrophages
— Cavanaugh, 1959
— Straley, 1984



Pathogenic Yersinia survive and
replicate In macrophages

GFP

Pujol and Bliska, 2003, 2004; Grabenstein et al. 2004



A solution to the paradox:

 Activated macrophages are protective
because they can eiminate intracellular
yersiniae and drive a T, 1 response

e Yopsand LcrV prevent production of
activated macrophages by counteracting
proinflammatory cytokine production



|FNg priming prevents intracel lular
replication

Phase+GFP o

Pujol and Bliska, unpublished



The virulence plasmid counteracts

cytokine production in vivo
Brubaker, 2003

Cytokine level (ng/g spleen)
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LcrV isamultifunctional protein

Structure from Derewenda et al, 2004

Protective antigen

— Burrows 1956
Regulates TTSS

— Priceet a 1991
Inducer of IL-10

— Nakagimaet al 1995

Required for Yop
translocation

— Nilleset a 1998

— Pettersson et al 1999
TLR2 ligand

— Sing et a 2002



Passive iImmunization with anti-LcrV

restores cytokine production
Brubaker, 2003
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Functional regions of LcrV
Motin et al 1995, Hill et al 1997, Sing et al 2002
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V’s long range mechanism
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Summary

e Yops function in concert with LcrV to target
several key immune response pathways in
macrophages

e Yopsand LcrV counteract proinflammatory

cytokine production to prevent T,,1 response and
macrophage activation

o Antibodies directed to region | and region ||
epitopes in LcrV neutralize distinct functions
— Region I® IL-10 inducing activity
— Region I ® Yop translocation
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